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1. Introduction 
Opiate receptors have been found in a neuro- 
blastoma X glioma hybrid cell line [ 1,2] and have 
been shown to regulate adenylate cyclase [2,3] (ATP 
pyrophosphate-lyase (cyclizing), EC 4.6.1 .l). The 
opiate receptor concentration isapproximately twice 
that found in rat brain homogenates [l] . 
Morphological differentiation [4] and a concomi- 
tant increase in the specific activities of choline 
acetyltransferase (EC 2.3 .1.6) and acetylcholinesterase 
(EC 3.1.1.7) [ 51 occurs in these cells when grown in 
the presence of dibutyryl CAMP. However egulation 
of the opiate receptor concentration has not been 
detected [1,6] . 
We report here the turnover ate of opiate receptors 
in NG108-15 neuroblastoma X glioma hybrid cells. 
2. Materials and methods 
NG108-15 neuroblastoma X glioma hybrid cells 
were grown in flasks (7.5 cm* surface area) at 37°C 
in growth medium containing 90% Dulbecco’s 
modification of Eagle’s minimum essential medium 
(GIBCO Cat. H-21); 10% fetal bovine serum; 0.1 mM 
hypoxanthine; 1PM ammopterin and 12 @I thymi- 
dine. Cultures were maintained ina humidified atmos- 
phere of 90% air and 10% CO*. Care was taken to 
ensure that all test and control flasks were plated 
with closely approximating numbers of cells (8 X 10’ 
cells/flask). The cells were used when judged to be 
about 40% confluent within the flasks. 
Cycloheximide (Sigma Chemical Co.) was added 
to the test flasks at 20 pg/ml and the cells were 
harvested at intervals thereafter and washed 3 times 
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with 10 ml Dulbecco’s phosphate-buffered saline 
(without Cap and Mgq with centrifugation at 
150 X g for 5 min after each wash. The cells from 
each plate were finally suspended in 1 ml 290 mM 
sucrose in 25 mM Tris-HCl, pH 7.4, and homogenized 
at 4°C with a Potter-Elvehjem homogenizer. 
The binding of [3H]naloxone was then assayed in 
triplicate in test homogenates and controls, to which 
no cycloheximide had been added. The binding assay 
was a modification of the method in [7]. Reaction 
mixtures of 200 ul contained the cell homogenate 
(150-420 pg protein); 130 mM sucrose; 12.5 mM 
Tris-HCl, pH 7.4; 100 mM sodium chloride and 
60 nM [G-3H]naloxone (17.2 Ci/mmol, New England 
Nuclear). Similar incubations were also performed in 
triplicate in the presence of 10 /.&I unlabelled 
naloxone (Endo Labs). Reaction mixtures were 
maintained at 4°C in an ice bath for 40 min, then 
filtered [7] . Each GF-B Whatman glass filter disc 
(24 mm diam.) was shaken for 10 min with 1 ml 1% 
(w/v) sodium dodecyl sulphate and then 10 ml 
Aquasol (New England Nuclear) was added prior to 
liquid scintillation spectrometry. Specific binding was 
calculated as the difference in binding in the presence 
and absence of 10 PM unlabelled ligand. 
In another series of control and test flasks, 
L[4,5-3H]leucine (5 Ci/mmol, New England Nuclear) 
was added to the culture medium with spec. act. 
0.2 &i/ml and final cont. 0.8 mM. Cells from each 
flask were harvested and washed at selected times as 
described above, then dissolved in 4 ml 200 mM 
NaOH. After neutralizing with 1 M HCl, 5 ml 10% 
(w/v) trichloroacetic acid was-added. The protein 
precipitate was washed 3 times at 4°C in 10 ml 5% 
(w/v) trichloroacetic acid with centrifugation after 
each wash at 30 000 X g for 30 min. Each pellet was 
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finally dissolved in 1 ml 1% (w/v) sodium dodecyl 
sulphate and 10 ml Aquasol was added. 
The protein content of each flask was determined 
by the method [8], with recrystallized bovine serum 
albumin as a standard. 
3. Results and discussion 
Culture of neuroblastoma X glioma hybrid cells in 
the presence of 20 pg/ml cycloheximide for periods 
longer than 24 h during their logarithmic growth phase 
resulted in cell death as measured by the perme- 
ability of cells to trypan blue dye. However less than 
5% cell death occurred uring the first 18 h. Cyclo- 
heximide was shown to inhibit protein synthesis at 
20 ng/ml; [3H]leucine incorporation into protein was 
reduced by over 90% over a period of 15 h. The 
effect of cycloheximide on opiate receptors and cellular 
protein per flask with respect o time is shown in 
fig. 1. The opiate receptor concentration per mg cell 
protein was only slightly reduced by cycloheximide 
and is shown in fig.2. 
The opiate receptors and protein content per flask 
decreased at similar ates (fig.3). A 50% reduction in 
protein content occurred in 19.5 h while a corre- 
sponding reduction in opiate receptors occurred in 
16.5 h. The first order rate constant (k) for the 
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Fig.1. The effect of 20,Irglml cycloheximide on NG108-15 
hybrid cells, showing the changes in (A) specific [‘H]naloxone 
binding and (B) cellular protein. Results show the mean 
(iSEM) of triplicate flasks in the presence (0) and absence 
(0) of cycloheximide. 
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Fig.2. Opiate receptor concentration in NG108-15 hybrid 
cells, cultured in the presence (0) and absence (0) of 20 pg/ 
ml cycloheximide. Results show the mean (tSEM) of 
triplicate flasks. 
These results how that opiate receptors turn over 
at a rate similar to that of total cell protein. Culture 
of NG108-15 neuroblastoma X glioma hybrid cells in 
the presence of morphine does not alter the opiate 
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Fig.3. The decrease in both [“Hlnaloxone binding (0) and 
cellular protein content (A) in hybrid cells cultured in the 
presence and absence of 20 &ml cycloheximide. The result 
in each case is expressed as % control value (open circles and 
triangles). Each point shows the mean (*SEW of triplicate 
flasks. 
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the receptor been detected with respect o inhibition 
of adenylate cyclase. 
Little is known about he turnover ates of putative 
neurotransmitter receptors with the exception of 
nicotinic acetylcholine receptors in mouse muscle 
[9,10] and the muscarinic acetylcholine receptors of 
NG108-15 cells. The latter, which are also coupled 
to the inhibition of adenylate cyclase, turn over with 
a half-life of approx. 10.8 h [ 1 l] and at an increased 
rate in the presence of carbamylcholine [ 121. 
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